Introduction
There has been a great evolution in nasal surgery over the past few decades. Contemporary nasal surgery involves endoscopic surgery targeted at the nasal sinuses and the turbinates. Due to the highly vascular nature of nasal tissue, post-operative haemostasis has always been a concern. The use of tamponade through the insertion of nasal packing is still commonly used, but this is at the cost of the patient's comfort. Excessive pressure caused by tamponade can also be detrimental to the outcomes of delicately performed sinus surgery such as the preservation of the mucociliary function. In addition, delayed healing and crust formation can lead to the formation of endonasal adhesions, themselves a source of chronic nasal infection. Therefore, the ideal setting would be to leave an operated nose completely unviolated by the use packing in favour of an alternative haemostatic agent offering satisfactory healing and no adhesions. PuraStat ® is a novel topical haemostatic agent based on nanotechnologies looking like a transparent hydrogel suitable for endoscopic use and that could achieve these various goals. We
Abbreviations: RADA, short peptide made of 4 amino acids (Arginine-AlanineAspartic acid-Alanine) repeated 4 times; FEES, Functional Endoscopic Endonasal Surgery.
* Corresponding author. have been using this product in 60 cases of endonasal surgery since August 2016 with great satisfaction and would share our learning here.
Methods

Registration and ethics
This study has been registered in the Research Registry as per the Declaration of Helsinki. The research registry number is researchregistry3085. Ethical approval was not needed as this case series involved the use of a haemostatic agent licensed for use in exudative haemorrhage, with haemostatic agents routinely used in all patients undergoing endonasal surgery, and no changes being made to the operative procedure or post-operative followup. This case series has been reported in line with the PROCESS criteria [1] .
Study design
This study was a prospective consecutive multi centre case series conducted from August 2016 to October 2016.
Setting
Patients were managed across two public and one private hospitals in Sydney. Post-operative followup was conducted in one hospital clinic and the two private clinics of the operating surgeon. 
Participants
We have been using PuraStat ® mainly in endoscopic powered turbinoplasty in patients with severe allergic rhinitis and intractable nasal obstruction resistant to medical treatment. The inclusion criterion for this study was all patients undergoing endoscopic powered turbinoplasty using PuraStat ® as a haemostatic adjunct. The exclusion criterion for this study was any concurrent use of alternative haemostatic adjuncts, such as another haemostatic agent or the use of nasal packing. All patients, a total of 60, undergoing endoscopic powered turbinoplasty meeting our inclusion/exclusion criteria between August and October were included. Patients were followed up 4 weeks postoperatively through an inperson clinic appointment for endoscopic evaluation.
Pre-intervention considerations
All patients in this study were deemed fit for surgery by standard pre-operative anaesthetics review. No pre-intervention considerations specific to the use of PuraStat ® was required for this study.
Materials deployed
PuraStat ® (3D-Matrix, Tokyo, Japan) is made of a fully-synthetic peptide solution that forms a colorless peptide hydrogel at neutral pH ( Fig. 1 ). The peptide named RADA16 consists of four naturally occurring amino acids repeated four times to create a 16 amino acid poly-peptide chain. Contact between the product and liquid such as blood causes the acidic peptide solution to be neutralized or become alkaline and, as a result, the peptide molecule, which has a ␤ structure, quickly forms fibres in the aqueous solution, yielding a peptide hydrogel. The hydrogel quickly coats the point of bleeding and, by physically closing the superficial part of the broken blood vessel, causes coagulation in the deeper part of the vascular wall resulting in haemostasis ( [2, 3, 4] ).
In addition, the nano-structure of the 3D-nanofiber structure appears similar to the natural extracellular matrix, which results in adequate adherence of the cells and tissue [3] . Any product remaining after surgery is absorbed over time although some residue may remain for longer than 30 days ( [4] ).
PuraStat ® is indicated for haemostasis in exudative haemorrhage (oozing) from blood vessels and parenchyma of solid organs encountered during surgery when haemostasis by ligation or standard means is insufficient or impractical. It comes in the form of a pre-filled sterile syringe filled with a clear, 2.5% (range 1.8-3.0%) aqueous peptide solution. It doesn't require any preparation and is stored at refrigerator temperature (from 2 • C to 8 • C). The nozzle has to be connected to the syringe and ideally the first drop should be discarded. PuraStat ® is made available in three fill volume variants (1, 3 and 5 mL). The product has no swelling capacity [5] .
Peri-intervention considerations
We perform an endoscopic powered turbinoplasty to provide volumetric reduction of the inferior turbinate through removal of the inferior turbinate bone and resection of the lateral lamella of turbinate tissue. The posterior end of the inferior turbinate, which is commonly described as a "mulberry" due to its swollen and variegated appearance, is also reduced. The procedure is quite commonly performed as a day surgery procedure, therefore it is imperative to achieve appropriate haemostasis to discharge the patients on the same day of surgery. However, the inferior turbinate is a significantly vascular structure, particularly in its posterior end and the turbinoplasty involves the creation of a large raw surface which can ooze significantly. Therefore, to avoid nasal packing, we have used PuraStat ® to reduce bleeding (Fig. 2) .
After sub-mucosal tissue resection, any type of severe bleeding should be treated (we regularly use bipolar cautery), and mainly at the end of the resection on the oozing resected area. Application technique is key to effective use of PuraStat ® . The applicator tip must be positioned directly at the bleeding point with close supposition to the tissue and a thin and even layer of product has to be applied. A slow application better allows the ␤-sheets of peptides to self-assemble in contact with blood, form the 3D-matrix and cap the bleeding point. One mL covers a 1 cm 2 area hence a 5 mL syringe is used in a bilateral turbinoplasty (2.5 mL per side). One should wait for a minute to check for sufficient haemostasis. In the case of ongoing bleeding, additional PuraStat ® can be applied but underneath the initial layer to access the fresh blood, continuing to apply slow and even pressure on the plunger while withdrawing the syringe. In endonasal application, a longer applicator nozzle is required to adequately cover the posterior end of the inferior turbinate. However, the fluidity and transparent nature of the product in such vertical application helps to easily cover the resected area. After application, it is important to not disturb the product (by suction or any kind of compression) as peptides will not re-assemble.
Proceduralist
All 60 patients were operated on by a Sydney based otolaryngologist sub specialized in rhinology with over 10 years of experience performing endoscopic powered turbinoplasties.
Quality control
All endoscopic powered turbinoplasties were performed in keeping with standard pre-operative and operative procedure. To ensure maximal efficacy of PuraStat ® , application of the product was performed strictly using the recommended application technique.
Post-intervention considerations
Our patients were requested to perform daily nasal irrigation starting the day after surgery as per standard post-operative procedure. Visual inspection using a nasal endoscope was performed in routine post-operative followup at 4 weeks.
Results
In a 3 month period, we have been using this product in 60 cases of endoscopic powered turbinoplasty meeting our inclusion/exclusion criteria. The use of PuraStat ® in endonasal surgery is a novel practice unreported on in the present literature. Application technique has a low difficulty learning curve with effective application usually achieved on the first use. All patients reported compliance with daily nasal irrigation. No re-bleeding was noted in routine post-operative followup at 4 weeks and visual inspection using a nasal endoscope showed normal healing in absence of any adhesion formation in all the patients. No patients were lost to followup (Fig. 3 ).
Discussion
PuraStat ® is made of chemically engineered amino acids thus the synthetic origin material can eliminate the potential risk of infections caused by existing hemostatic agents containing blood derivatives.
In cardiovascular surgery, a first uncontrolled prospective study was performed in 2012 in which the product was applied to 33 vascular anastamoses (coronary or peripheral) in 25 heparinised patients. The product under the code name TDM-621 was applied to hemorrhagic bleeding before and after protamine administration. Haemostatic efficacy was 87.9% (29 out of 33 cases) and no postoperative bleeding was observed as well as no severe side effects in relation to the product [6] .
In digestive surgery, a clinical controlled study was performed in 2014 in a group of 20 patients undergoing rectal cancer resection. PuraMatrix ® , an equivalent product, was applied to 10 patients and paired with 10 conventionally operated patients without a haemostatic adjunct as the control. No abnormal effects were observed in the 10 patients treated 2-3 months postoperatively, and they displayed significantly reduced post-operative drainage to the control group [7] . Additionally in digestive endoscopy, an initial clinical study performed in 2014 involving 12 patients undergoing endoscopic surgery for gastric tumours found haemostasis achieved with TDM-621 to be remarkably effective in 11 patients, effective in 1 patient and globally considered convenient for operability with nil adverse effects noted [8] .
Multiple subsequent studies in digestive endoscopy since 2016 have further identified PuraStat ® to be effective as an operative haemostatic adjunct in accelerating the healing phase and significantly reducing the rates of delayed bleeding even amongst high-risk bleeding lesions [9, 10, 5, 11] . However, while it's haemostatic and accelerated healing effects are well documented elsewhere, it's use in the specialty of endonasal surgery and it's effects on adhesion formation have yet to be extensively investigated. While many current haemostatic products are used in endonasal surgery with varying rates of efficacy, none have undergone a clinical study demonstrating a zero rate of adhesion formation. Clinical controlled studies will be required to further investigate whether this product has reproducibly low rates of adhesion formation as presently suggested.
Conclusion
Multiple clinical studies have been published to date identifying the efficacy of PuraStat ® as a haemostatic agent in cardiovascular, digestive and digestive endoscopic surgery. This is the first case series reporting on the haemostatic and anti-adhesive properties of PuraStat ® in the setting of endonasal surgery. Our initial results lead us to consider PuraStat ® as well suited for use in endonasal surgery but additional clinical controlled studies in humans or animals comparing adhesions rates with alternative haemostatic products and the control are required for further evaluation of the anti-adhesive properties.
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